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' • DESCRIPTION 

RESIST COMPOSITION 

TECHNICAL FIELD 

The present invention relates to a novel fluorinated 
5 resist composition. More particularly, it relates to a 
chemical amplification type resist composition useful for 
fine processing employing far ultraviolet rays such as 
KrF or ArF excimer laser, or vacuum ultraviolet rays such 
as F 2 excimer laser. 

10 BACKGROUND ART 

In recent years, along with the progress in fine 
circuit patterns in the process for producing 
semiconductor integrated circuits, a photoresist material 
, having high resolution and high sensitivity is desired. 

15 As the circuit patterns become fine, a short wavelength 
of a light source for an exposure apparatus becomes 
essential. In an application to lithography employing an 
excimer laser of 2 50 nm or shorter, a polyvinyl phenol 
type resin, an alicyclic acrylic type resin or a 

2 0 polynorbornene type resin has, for example, been 

proposed, but no adequate resolution and sensitivity have 
been obtained. 

It is an object of the present invention to provide 
a resist composition which is particularly excellent in 

2 5 transparency to a radiation and in dry etching 

properties, as a chemical amplification type resist and 
which gives a resist pattern excellent in sensitivity, 
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resolution, evenness, heat resistance, etc. 
DISCLOSURE OF THE INVENTION 

The present invention is the following invention 
which has been made to solve the above-described 
5 problems. 

1) A resist composition comprising a f luoropolymer (A) 
which is a f luoropolymer having repeating units formed by 
cyclopolymerization of a fluorinated diene represented by 
the formula (1) and which has blocked acidic groups, 

10 provided that in a case where Q is a bivalent organic 

group having a group which can be converted to a blocked 
acidic group, said group is converted to a blocked acidic 
group after the cyclopolymerization, an acid-generating 
compound (B) which generates an acid under irradiation 

15 with light, and an organic solvent (c) : 
CF 2 =CR 1 -Q-CR 2 =CH 2 (1) 
wherein each of R 1 and R 2 which are independent of each 
other, is a hydrogen atom, a fluorine atom, a methyl 
group or a trif luoromethyl group, and Q is a bivalent 

2 0 organic group having a blocked acidic group capable of 
forming an acidic group by an acid or a group which can 
be converted to such a blocked acidic group. 

2) The resist composition according to 1), wherein Q is 
a bivalent organic group represented by the formula (2) : 

25 -R 3 -C (R 5 ) (R 6 ) -R 4 - (2) 

wherein each of R 3 and R 4 which are independent of each 
other, is a single bond, an oxygen atom, an alkylene 
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• *grou'p. 'having at most 3 carbon atoms, which may have an 
etheric oxygen atom, or a f luoroalkylene group having at 
most 3 carbon atoms, which may have an etheric oxygen 
atom, R 5 is a hydrogen atom, a fluorine atom, an alkyl 
5 group having at most 3 carbon atoms or a fluoroalkyl 

group having at most 3 carbon atoms, and R 6 is a blocked 
acidic group, an acidic group, or a monovalent organic 
group having a blocked acidic group or an acidic group. 

3) The resist composition according to 1) or 2 ) , wherein 
10 the acidic group is an acidic hydroxyl group, and the 

blocked acidic group is a blocked acidic hydroxyl group. 

4) The resist composition according to 1), 2) or 3 ) , 
wherein the fluorinated diene is a fluorinated diene 
represented by the formula (4) or (5): 

15 CF 2 =CFCF 2 C(-X 2 ) (CF 3 )CH 2 CH=CH 2 (4) 

CF 2 =CFCF 2 CH ( - (CH 2 ) P C (CF 3 ) 2 -X 2 ) CH 2 CH=CH 2 ( 5 ) 
wherein X 2 is 0(t-C 4 H 9 ), OCH 2 OCH 3 , OCOO ( t-C 4 H 9 ) , 
OCH (CH 3 ) OC 2 H 5 or a 2 - tetrahydropyranyloxy group, and p is 
-an— integer of from 1 to 3 . ~ 

20 5) A process for forming a pattern, which comprises 

coating the resist composition as defined in 1), 2), 3) 
or 4 ) on a substrate , then removing the organic solvent 
(C) to form a thin film of a resist comprising the 
f luoropolymer (A) and the acid-generating compound (B) , 

25 and then irradiating the thin film with ultraviolet rays 
having a wavelength of at most 200 nm capable of 
generating an acid from the acid-generating compound (B) 



to form a pattern. 

BEST MODE FOR CARRYING OUT THE INVENTION 

It is considered that by the cyclopolymer ization of 
the fluorinated diene represented by the formula (1) 
(hereinafter referred to as the fluorinated diene (1) ) , 
the following repeating units (a) to (c) will be formed. 
From the results of the spectroscopic analyses, etc., the 
cyclized polymer of the fluorinated diene (1) is 
considered to be a polymer having a structure comprising 
repeating units (a), repeating units (b) or both of them, 
as the main repeating units. Here, the main chain of 
this cyclized polymer is meant for a carbon chain 
-constituted by carbon atoms which constitute 
polymerizable unsaturated bonds (in the case of the 
fluorinated diene (1), the four carbon atoms which 
constitute polymerizable unsaturated double bonds). 
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' In'' the formula (1), each of R 1 and R 2 which are 
independent of each other, is a hydrogen atom, a fluorine 
atom, a methyl group or a trif luoromethyl group. R 1 is 
preferably a fluorine atom or a trif luoromethyl group. 
5 R 2 is preferably a hydrogen atom or a methyl group. Q is 
a bivalent organic group having a blocked acidic group 
capable of forming an acidic group (hereinafter referred 
to simply as a blocked acidic group) or a group which can 
be converted to such a blocked acidic group (hereinafter 

10 referred to as a precursor group) . In a case where Q is 
a bivalent organic group having the precursor group, 
after the cyclopolymerization of the fluorinated diene 
(1), the precursor groups in the polymer will be 
converted to blocked acidic groups. 

15 The f luoropolymer (A) in the present invention has 

blocked acidic groups. In a case where the fluorinated 
diene (1) has a blocked acidic group, the f luoropolymer 
(A) can be obtained by its cyclopolymerization . In a 
case- where the fluorinated diene (1) has the precursor 

20 groups, the f luoropolymer (A) can be obtained by 

converting the precursor groups in the polymer obtained 
by its cyclopolymerization, to blocked acidic groups. 
The precursor group may be an acidic group or a group 
which can be converted to an acidic group. The acidic 

2 5 group can be converted to a blocked acidic group by 

reacting it with a blocking agent. The group which can 
be converted to an acidic group, may be a blocked acidic 



group other than the desired blocked acidic group. By 
conversion of the blocked portion, it can be converted to 
the desired blocked acidic group. The blocked ratio of 
the f luoropolymer (A) (i.e. the ratio of blocked acidic 
5 groups to the total of the blocked acidic groups and non- 
blocked acidic groups) is preferably from 10 to 100 mol%, 
particularly preferably from 10 to 90 mol% . 

In Q, the minimum distance between connecting bonds 
at its both terminals corresponds preferably to from 2 to 

10 6 atoms, particularly preferably 2 to 4 atoms, as 

represented by the number of atoms (the atomic chain 
constituting this minimum distance will be hereinafter 
referred to as the main chain). The atoms constituting 
the main chain may be composed of carbon atoms only, or 

15 carbon atoms and other bivalent or higher valent atoms. 
The bivalent or higher valent atoms other than carbon 
atoms, may, for example, an oxygen atom, a sulfur atom 
and a nitrogen atom substituted by a monovalent group. 
An oxygen atom is particularly preferred. Such an oxygen 

2 0 atom or the like may be present at either one or both of 
the two terminals, or may be present between carbon atoms 
in Q. 

In the main chain in Q, at least one carbon atom is 
present, and to a carbon atom constituting the main chain 
2 5 in Q, a blocked acidic group, a precursor group -or an 
organic group containing a blocked acidic group or a 
precursor group, is bonded. In addition to such a 



•specif ic group, hydrogen atoms or halogen atoms 
(particularly preferably fluorine atoms) are bonded to 
carbon atoms, etc. constituting the main chain, and 
further, an alkyl group, a fluoroalkyl group, an alkoxy 
group, an aryl group or other organic groups may be 
bonded thereto. The carbon number of such an organic 
group is preferably at most 6 . 

The acidic group may, for example, be an. acidic 
hydroxy 1 group, a carboxylic group or a sulfonic group, 
particularly preferably an acidic hydroxyl group and a 
carboxylic group, most preferably an acidic hydroxyl 
group. The acidic hydroxyl group is a hydroxyl group 
showing acidity, and it may, for example, be a hydroxyl 
group bonded directly to the ring of an aryl group (a 
phenolic hydroxyl group) , a hydroxyl group bonded to a 
carbon atom having a per fluoroalkyl group (preferably a 
C1-2 perf luoroalkyl group) bonded thereto, a hydroxyl 
group bonded to a dif luoromethylene group, or a hydroxyl 
group- bonded to a tertiary carbon atom. Particularly 
preferred is a hydroxyl group bonded to a carbon atom 
having one or two per fluoroalkyl groups bonded thereto. 
In a case where the per fluoroalkyl group is a 
trif luoromethyl group, for example, a hydroxyl group in 
bivalent group of the following formula (d-1) (i.e. a 
hydroxyl group in a hydroxytr i f luoromethylmethylene 
group) or a hydroxyl group in a monovalent group of the 
following formula (d-2) or (d-3) (i.e. a hydroxyl group 
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in a 1 -hydroxy- 1-tr if luoromethyl-2 , 2 , 2- trif luoroethyl 
group or a 1 -hydroxy- 1 -methyl -2 , 2 , 2-trif luoroethyl group) 
is preferred. 

9F3 CF 3 CF 3 

-C- -0-CF3 -6-CH3 

OH oh OH 

(d-1) (d-2) (d-3) 

5 The blocked acidic group can be obtained by reacting 

a blocking agent to the acidic group as described above. 
The blocked acidic group is a group which can be 
converted to an acidic group by an acid which is 
generated by the acid-generating compound (B) which 

10 generates the acid under irradiation with light, in the 
resist composition. In a case where the acidic group is 
a carboxylic group or a sulfonic group, a blocking agent 
such as an alkanol may be reacted to substitute an alkyl 
group or the like -for the hydrogen atom in the acidic 

15 group to form a blocked acidic group. 

In a case where the acidic group is an acidic 
hydroxyl group, the blocked acidic group is preferably a 
blocked acidic group obtainable by substituting an alkyl 
group, an alkoxycarbonyl group, an acyl group, a cyclic 

2 0 ether group or the like for the hydrogen atom in the 
acidic hydroxyl group. A preferred alkyl group to be 
substituted for the hydrogen atom in the hydroxyl group, 



may bei-a Ci- 6 alkyl group which may have a substituent 
(such as an aryl group or an alkoxy group) . Specific 
examples of such an alkyl group include an alkyl group 
having at most 6 carbon atoms (such as a tert-butyl group 
(t-C 4 H 9 ) ) , an aryl group-substituted alkyl group having a 
total carbon number of from 7 to 2 0 (such as a benzyl 
group, a triphenylmethyl group, a p-methoxybenzyl group 
or a 3 , 4-dimethoxybenzyl group), and an alkoxyalkyl group 
having a total carbon number of at most 8 (such as a 
methoxymethyl group, a ( 2 -methoxyethoxy ) methyl group or a 
benzyloxymethyl group) . A preferred alkoxycarbonyl group 
to be substituted for the hydrogen atom of the hydroxyl 
group, may, for example, be an alkoxycarbonyl group 
having a total carbon number of at most 8 or a tert- 
butoxycarbonyl group (-COO( t-C 4 Hg) ) . A preferred acyl 
group to be substituted for the hydrogen atom of the 
hydroxyl group, may be an acyl group having a total 
carbon number of at most 8, and it may, for example, be a 
-pivaloyl group, a benzoyl group or an acetyl group. A 
preferred cyclic ether group to be substituted for the 
hydrogen atom of the hydroxyl group, may, for example, be 
a tetrahydropyranyl group . 

To block the acidic hydroxyl group, an alcohol, a 
carboxylic acid or an active derivative thereof is, for 
example, reacted. The active derivative thereof may, for 
example, be an alkyl halide, an acid chloride, an acid 
anhydride, a chlorocarbonic acid ester, a dialkyl 
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dicarbonate (such as di- tert-butyl dicarbonate) 1 or 3,4- 
dihydro-2H-pyran. Specific examples of the reagent 
useful for blocking a hydroxyl group are disclosed in 
Handbook of Reagents for Organic Synthesis : Act ivating 
5 Agents and Protecting Groups, compiled by A.J. Pearson 
and W.R. Roush, published by John Wiley & Sons (1999) . 

As the acidic group, an acidic hydroxyl group is 
particularly preferred, and as the blocked acidic group, 
a blocked acidic hydroxyl group is preferred. 

10 Specifically, as the blocked acidic hydroxyl group, 0(t- 
C 4 H 9 ),. OCH2OCH3, OCOO(t-C 4 H 9 ) , OCH(CH 3 )OC 2 H 5 or a 2- 
tetrahydropyranyloxy group is preferred. 

Q is preferably a bivalent organic group of the 
following formula (2) . Accordingly, the fluorinated 

15 diene (1) is preferably a compound of the following 
formula (3) (wherein R 1 and R 2 are as defined above). 
-R 3 -C(R 5 ) (R 6 ) -R 4 - (2) 
CF 2 =CR 1 -R 3 -C(R 5 ) (R 6 ) -R 4 -CR 2 =CH 2 (3) 
wherein each of' "R 3 - and R 4 which - are independent of each 

20 other, is a single bond, an oxygen atom, an alkylene 

group having at most 3 carbon atoms, which may have an 
etheric oxygen atom, or a f luoroalkylene group having at 
most 3 carbon atoms, which may have an etheric oxygen 
atom, R 5 is a hydrogen atom, a fluorine atom, an alkyl 

2 5 group having at most 3 carbon atoms, or a fluoroalkyl 

group having at most 3 carbon atoms, and R 6 is a blocked 
acidic group, an acidic group, or a monovalent organic 
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■ • group , having a blocked acidic group or an acidic group. 

The alkylene group for R 3 or R 4 is preferably (CH 2 ) n / 
and the f luoroalkylene group is preferably (CF 2 ) m (each 
of m and n is an integer of from 1 to 3 ) . In the 
5 combination of R 3 and R 4 , it is preferred that both are 
alkylene groups or f luoroalkylene groups (in such a, case, 
m+n is preferably 2 or 3 ) , or one of them is an alkylene 
group or a f luoroalkylene group, and the other is a 
single bond or an oxygen atom. The alkyl group for R 5 is 
10 preferably a methyl group, and the fluoroalkyl group for 
R 5 is preferably a trif luoromethyl group. 

R 6 in the case of a monovalent organic group, is 
preferably an organic group having at most 8 carbon atoms, 
and the moiety excluding the blocked acidic group or the 
15 acidic group, is preferably a hydrocarbon group or a 

f luorohydrocarbon group. Particularly preferred is a C 2 _ 6 
alkyl group, a C 2 _ 6 fluoroalkyl group or a C 7 _9 phenylalkyl 
group, which has a blocked acidic group or an acid group 
"7 (provided that in the phenylalkyl group, the blocked 
2 0 acidic group or the like is bonded to the phenyl group) . 
Specifically, the following groups may be mentioned as R 6 
(wherein k is an integer of from 1 to 6, and X is a 
blocked acidic group or an acidic group) . 

-(CH 2 )k-X, -(CH 2 ) k C(CF 3 ) 2 -X, -(CH 2 ) k C(CH 3 ) 2 -X, 
25 -(CH 2 ) k C(CF 3 ) (CH 3 )-X, - (CH 2 ) k CH (CH 3 ) -X, and - (CH 2 ) k C 6 H 4 -X . 

Compounds of the following chemical formulae may be 
mentioned as preferred examples of the fluorinated diene 
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(1). 

CF 2 -CF(CF 2 ) a C(-Y) (CF 3 ) ( CH 2 ) b CH=CH 2 , 
CF 2 =CF(CF 2 ) a C(-Y) (CF 3 ) (CF 2 ) b CH=CH 2 , 
CF 2 =CF(CH 2 ) a C(-Y) (CF 3 ) (CH 2 ) b CH=CH 2 , 
5 CF 2 =CF ( CH 2 ) a C ( - Y) ( CF 3 ) ( CF 2 ) b CH=CH 2 , 

CF 2 =CF(CF 2 ) a C(-Y) (CF 3 ) (CF 2 ) b C (CH 3 ) =CH 2 , 
CF 2 =C(CF 3 ) (CF 2 ) a C(-Y) (CF 3 ) (CF 2 ) b CH=CH 2 , and 
CF 2 =CF(CF 2 ) a CH(-Z) (CH 2 ) b CH=CH 2 . 

In the above formulae, Y is X 1 or -R 7 -X 1 , Z is -R^ 1 , 
10. wherein X 1 is OH, 0(t-C 4 H 9 ), OCH 2 OCH 3> OCOO ( t-C 4 H 9 ) , 

OCH(CH 3 ) OC 2 H 5 or a 2- tetrahydropyranyloxy group, and R 7 is 
(CH 2 ) P C(CF 3 ) 2 , (CH 2 ) P C (CF 3 ) (CH 3 ) or (CH 2 ) P C 6 H 4 . Further, 
each of a and b which are independent of each other, is 
an integer of from 0 to 3 (provided that a+b is from 1 to 
15 3) , and p is an integer of from 1 to 3 . The most 
preferred X 1 is 0(t-C 4 H 9 ), OCH 2 OCH 3 , OCOO (t-C 4 H 9 ) , 
OCH (CH 3 ) OC 2 H 5 or a 2- tetrahydropyranyloxy group, and the 
most preferred R 7 is (CH 2 ) P C (CF 3 ) 2 . Each of a and b is 

most preferably 1. — „: • 

20 The most preferred fluorinated diene (1) is a 

compound of the following formula (4) or (5). 
CF 2 =CFCF 2 C ( -X 2 ) ( CF 3 ) CH 2 CH=CH 2 ( 4 ) 

CF 2 =CFCF 2 CH(- (CH 2 ) P C(CF 3 ) 2 X 2 )CH 2 CH=CH 2 (5) 
wherein X 2 is 0(t-C 4 H 9 ), OCH 2 OCH 3 , OCOO ( t-C 4 H 9 ) , 
25 OCH (CH 3 ) OC 2 H 5 or a 2 -tetrahydropyranyloxy group, and p is 
an integer of from 1 to 3 . 

The f luoropolymer (A) contains, as essential 



1 
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■ components, repeating units formed by cyclopolymerization 
of the fluorinated diene represented by the formula (1), 
but it may. contain monomeric units derived from other 
radical polymerizable monomers within a range not to 
5 impair its characteristics. The proportion of other 
monomeric units is preferably at most 30 mol%, 
particularly preferably at most 15 mol%. Further, the 
f luoropolymer (A) may contain at least two types of 
fluorinated diene units represented by the formula (1). 

10 Such other monomeric units may, for example, be 

monomeric units derived from e.g. a-olefins such as 
ethylene, propylene and isobutylene, fluorinated olefins 
such as tetraf luoroethylene and hexaf luoropropylene , 
fluorinated cyclic monomers such as perf luoro ( 2 , 2- 

15 dimethyl-1, 3-dioxole, cyclopolymerizable perf luorodienes 
such as perf luoro (butenyl vinyl ether), (meth) acrylates 
such as methylacrylate and ethyl methacrylate , vinyl 
carboxylate esters such as vinyl acetate, vinyl benzoate 
' and^vinyl -adaman-tyiate, alkyl^ vinyl ethers such as ethyl 

2 0 vinyl ether and cyclohexyl vinyl ether, cyclic olefins 

such as cyclohexene, norbornene and norbornadiene, maleic 
anhydride , vinyl chloride, etc . 

Further, a monomer having a blocked acidic group may 
also supplementarily be used. As such a monomer, a 

25 (meth) acrylate such as tert-butyl acrylate, tert-butyl 
methacrylate or tetrahydropyranyl acrylate, an alkyl 
vinyl ether such as tert-butyl vinyl ether, 



CH 2 =CHCH 2 C (CF 3 )20C02-t-C 4 H9 or CH 2 =CHCH 2 G (GF 3 ) 2OCH (CH 3 ) OC 2 H 5 , - 
may, for example, be. mentioned. 

The molecular weight of the f luoropolymer (A) having' 
a cyclic structure is not particularly limited so long as 
5 it can be uniformly dissolved in an organic solvent which 
will be described hereinafter and it can be uniformly 
coated on a substrate. However, usually, its number 
average molecular weight as calculated as polystyrene is 
suitably from 1,000 to 100,000, preferably from 2,000 to 

10 20,000. If the number average molecular, weight is less 
than 1,000, a trouble is likely to result such that the 
obtainable resist pattern tends to be poor, the film 
remaining rate after development tends to be low, or the 
dimensional stability during the heat treatment of the 

15 pattern tends to deteriorate. On the other hand, if the 
number average molecular weight exceeds 100,000, the 
coating property of the composition is likely to be poor, 
or the developability may deteriorate. 

The- f luoropolymer (A) can be obtained by . ----- 

20 homopolymerizing or copolymerizing the above-mentioned 
monomer in the presence of a polymerization initiator. 
Otherwise, a f luoropolymer may be produced by using the 
corresponding non-blocked monomer, and then acidic groups 
in the f luoropolymer may be blocked by a blocking agent 

25 to obtain the f luoropolymer (A) . The polymerization 

initiator is not particularly limited so long as it lets 
the polymerization reaction proceed radically. For 



» 
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■• • - .example, it .may -be a radical-generating agent, light or 

ionizing radiation. Particularly preferred is a radical- 
generating agent, and a peroxide, an azo compound or a 
persulfate may, for example, be mentioned. 
5 The polymerization method is also not particularly 

limited, and so-called bulk polymerization in which 
monomers are subjected to polymerization as they are, 
solution polymerization which is carried out in a 
f luorohydrocarbon, a chlorohydrocarbon, a fluorinated 

10 chlorohydrocarbon, an alcohol, a hydrocarbon or other 
organic solvent, capable of dissolving the monomers, 
suspension polymerization which is carried out in an 
aqueous medium in the absence or presence of a suitable 
organic solvent, or emulsion polymerization which is 

15 carried out by adding an emulsifier to an aqueous medium, 
may, for example, be mentioned. 

The acid-generating compound (B) which generates an 
acid under irradiation with light, will cleave the 
blocked groups present in the polymer by the action of 

20 the acid generated by exposure. As a result, the exposed 
portions of the resist film will be readily soluble by an 
alkaline developer, whereby a positive resist pattern 
will be formed. As such an acid-generating compound (B) 
which generates an acid under irradiation with light, it 

2 5 is possible to employ an acid-generating compound which 

is commonly used for a chemical amplification type resist 
material. Namely, an onium salt, a halogenated compound, 
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a diazoketone compound, a sulfone compound or a- sulfonic 
compound, may, for example, be mentioned. The following 
may be mentioned as examples of such an acid-generating 
compound (B) . 

5 The onium salt may, for example, be an iodonium salt, 

a sulf onium salt, a phosphonium salt, a diazonium salt or 
a pyridinium salt. Specific examples of a preferred 
onium salt include diphenyliodonium triflate, 
diphenyl iodonium pyrenesulf onate , diphenyliodonium 

10 dodecylbenzenesulf onate, bis ( 4- tert-butylphenyl ) iodonium 
triflate, bis (4- tert-butylphenyl) iodonium 
dodecylbenzenesulf onate , triphenylsulf onium triflate , 
triphenylsulf onium hexaf luoroantimonate , 1- 
(naphthylacetomethyl ) thioranium triflate, 

15 cyclohexylmethyl ( 2 -oxocyclohexyl ) sulfonium triflate, 
dicyclohexyl ( 2 -oxocyclohexyl ) sulfonium triflate, 
dimethyl ( 4-hydroxynaphthyl ) sulfonium tosylate, 
dimethyl (4-hydroxynaphthyl) sulfonium 
dodecylbenzenesulf onate, dimethyl (4- 

20 hydroxynaphthyl ) sulf oniumnaphthalene sulfonate, 
triphenylsulf onium camphorsulf onate and (4- 
hydroxyphenyl ) benzylmethylsul f onium toluenesulf onate . 

-- The halogenated .compound may, for example, be a 

haloalkyl group-containing hydrocarbon compound or a 

2 5 haloalkyl group-containing heterocyclic compound. 
Specifically, it may, for example, be a 

( trichloromethyl) -s-triazine derivative such as phenyl- 
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•bis (trichloromethyl) -s-triazine, methoxyphenyl- 
bis ( trichloromethyl ) -s-triazine or naphthyl- 
bis (trichloromethyl) -s-triazine, or 1, 1-bis (4- 
chlorophenyl ) -2 , 2 , 2-trichloroethane . 

The sulfone compound may, for example; be p- 
ketosulfone, p-su-lf onylsulf one or an a-diazo compound of 
such a compound. . Specifically, it may, for example, be 
4-trisphenacylsulf one , methylphenacylsulf one or 
bis (phenylsulf onyl ) methane . The sulfonic compound may, 
for example, be an alkylsulf onic acid ester, an 
alkylsulf onic acid imide, a haloalkylsulf onic acid ester, 
an arylsulfonic acid ester or an iminosulf onate . 
Specifically, it may, for example, be benzoin tosylate or 
1 , 8-naphthalene dicarboxylic acid imide triflate. In the 
present invention, such acid-generating compounds (B) may 
be used alone or in combination as a mixture of two or 
more of them. 

- The organic solvent of component (C) is not 
particularly limited so long as it- is capable of 
dissolving both components (A) and (B) . It may, for 
example, be an alcohol such as methyl alcohol or ethyl 
alcohol, a ketone such as acetone, methyl isobutyl ketone 
or cyclohexanone , an acetate such as ethyl acetate or 
butyl acetate, an aromatic hydrocarbon such as toluene or 
xylene, a glycol monoalkyl ether such as propylene glycol 
monomethyl ether or propylene glycol monoethyl ether, or 
a glycol monoalkyl ether ester such as propylene glycol 
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monomethyl ether acetate or carbitol acetate. 

The proportions of the respective components in the 
resist composition of the present invention are usually 
such that per 100 parts by mass of the f luoropolymer (A), 
the acid-generating compound (B) is from 0.1 to 20 parts 
by mass, and the organic solvent (C) is from 50 to 2,000 
parts by mass. Preferably, per 100 parts by mass of the 
f luoropolymer (A) , the acid-generating compound (B) is 
from 0.1 to 10 parts by mass, and the organic solvent (C) 
is from 100 to 1,000 parts by mass. 

If the amount of the acid-generating compound (B) is 
less than 0.1 part by mass, the sensitivity and 
developability tend to be poor, and if it exceeds 10 
parts by mass, the transparency to radiation tends to 
deteriorate, whereby an accurate resist pattern will 
hardly be obtained. 

To the resist composition of the present invention, 
an acid-cleavable additive to improve the pattern 
rcontrasrt-, a surfactant to improve the coating property, a 
nitrogen-containing- basic compound to adjust the acid- 
generating pattern, an adhesion-assisting agent to 
improve the adhesion to the substrate or a storage 
stabilizer to increase the storage stability of the 
composition, may, for example, be optionally incorporated. 
Further, the resist composition of the present invention 
is preferably employed in such a manner that the 
respective components are uniformly mixed, followed by 
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■ filtration by means of a filter of from 0 . 1 to 2 pm. 

The resist composition of the present invention is 
coated on a substrate such as a silicone wafer, followed 
by drying to form a resist film. As the coating method, 
5 spin coating, cast coating or roll coating may, for 
example, be employed. The formed resist film will be 
irradiated with light via a mask having a pattern drawn 
thereon, followed by development treatment to form the 
pattern . 

10 The light beams for the irradiation may, for 

example, be ultraviolet rays such as g-line having a 
wavelength of 43 6 nm or i-line having a wavelength of 3 65 
nm, or far ultraviolet rays or vacuum ultraviolet rays, 
such as KrF excimer laser having a wavelength of 248 mm, 

15 ArF excimer laser having a wavelength of 193 nm or F 2 

excimer laser having a wavelength of 157 nm. The resist 
composition of the present invention is a resist 
composition useful particularly for an application where 
-ultraviolet, rays having a wavelength, of; at most 250 nm, 

20 -especially ultraviolet rays having a wavelength of at 

most 200 nm (such as ArF laser or F 2 laser) , are used as 
the light source. 

As the development treatment solution, various 
alkali aqueous solutions. are employed. As such alkali, 

2 5 sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, tetramethyl ammonium hydroxide or 
triethylamine may, for example, be mentioned. 
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EXAMPLES ■ ■ ■ 

Now, the present invention will be described in 
further detail with reference to Examples. However, it 
should be understood that the present invention is by no 
5 means restricted by such specific Examples. Here, THF 
represents tetrahydrof uran, and PTFE represents 
polytetraf luoroethylene . 

Preparation Example for the fluorinated diene (1) 
PREPARATION EXAMPLE 1 

10 Preparation of CF 2 =CFCF 2 C (CF 3 ) (OH) CH 2 CH=CH 2 

Into a 2 L reactor made of glass, 108 g of 
CF 2 C1CFC1CF 2 C (O) CF 3 and 500 ml of dehydrated THF were 
charged and cooled to 0°C. A diluted solution having 2 00 
ml of a 2M THF solution of CH 2 =CHCH 2 MgCl further diluted 

15 with 200 ml of dehydrated THF, was dropwise added thereto 
in a nitrogen atmosphere over a period of about 5.5 hours. 
After completion of the dropwise addition, the mixture 
was stirred at 0°C for 3 0 minutes and at room temperature 
■ ••for 17 hours, whereupon 2 00 ml of 2N hydrochloric -acid 

20- was dropwise added. 200 ml of water and 3 00 ml of 

diethyl ether were added for liquid separation, and a 
diethyl ether layer was obtained as an -organic layer. 
The organic layer was dried over magnesium sulfate, 
followed by filtration to obtain a crude liquid. The 

25 crude liquid was concentrated by an evaporator, followed 
by distillation under reduced pressure to obtain 85 g of 
CF 2 C1CFC1CF 2 C (CF 3 ) ( OH ) CH 2 CH=CH 2 (60 to 66°C/0.7 kPa). 
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Then, into a 500 ml reactor made of 'glass, 81 gof 
zinc and 170 ml of dioxane were charged, and activation 
of zinc was carried out by iodine. The reactor was 
heated to 100°C, and a solution prepared by diluting 84 g 
5 of CF 2 C1CFC1CF 2 C (CF 3 ) ( OH ) CH 2 CH=CH 2 synthesized as 

described above, with 50 ml of dioxane, was dropwise 
added thereto over a period of 1.5 hours. After 
completion of thejiropwise addition, the mixture was 

stirred at 100°C for 40 hours. The reaction solution was 
10 filtered and washed with a small amount of dioxane. The 
filtrate was distilled under reduced pressure to obtain 

30 g of CF 2 = CFCF 2 C (CF 3 ) (OH) CH 2 CH=CH 2 (36 to 37°C/ 1 kPa). 

NMR _ spectrum . 

*H NMR (399.8 MHz, solvent: CDCl 3 , standard: 
15 tetramethylsilane) 5 (ppm) : 2.74 (d, J=7 . 3 , 2H) 3.54 

(broad s, 1H) , 5.34 (m, 2H) , 5.86 (m, 1H) . 

19 F NMR (376.2 MHz, solvent: CDCl 3 , standard: CFCl 3 ) 

5 (ppm): -75.7 (m, 3F) , -92.2 (m, IF), -106.57 (m, IF), 

-112 . 6 (m, 2F) 7 — 183-. 5 (m, IF). 
2 0 Further , the- hydroxyl group-containing f luorinated 

diene obtained as described above, is reacted with zinc- 

tert-butyl dicarbonate to convert the hydroxyl group to a 

tert-butoxycarbonyloxy group. 

Preparation Examples for the f luoropolymer (A) 
2 5 PREPARATION EXAMPLE 2 

13.7 g of 1 , 1 , 2 , 3 , 3-pentaf luoro-4-trif luoromethyl-4- 
tert-butoxycarbonyloxy-1, 6- 



- .heptadiene [CF 2 =CFCF 2 C (CF 3 ) (OCOO-t-G 4 H 9 ) CH 2 CH=CH 2 ] and 23 g 
of methyl acetate were charged into a pressure resistant 
reactor made of glass having an internal capacity of 50 
cc. Then, 0.30 g of perf luorobenzoyl peroxide was added 
5 as a polymerization initiator. The interior of the 

system was f reeze-deaerated, and then, polymerization was 
carried out for 6 hours in a constant temperature shaking 
vessel (70°G) . After the polymerization, the reaction 
solution was dropwise added into hexane to reprecipi tate 

10 the polymer, followed by vacuum drying at 80°C for 16 

hours. As a result, 10.0 g of a non-crystalline polymer 
having a fluorinated cyclic structure in its main chain 
(hereinafter referred to as polymer 1A) was obtained. 
The molecular weight of polymer 1A was measured by GPC, 

15 whereby as calculated as a polystyrene, the number 

average molecular weight (Mn) was 12,200, and the weight 
average molecular weight (Mw) was 36,600, whereby 
Mw/Mn=3.00. The glass transition point was 155°C, and 
the polymer was a white powder at room temperature. 

2 0 PREPARATION EXAMPLE 3 

10 g of 1, 1, 2, 3, 3-pentaf luoro-4-trif luoromethyl-4- 
hydr oxy- 1 , 6 -heptadiene [ CF 2 =CFCF 2 C ( CF 3 ) ( OH ) CH 2 CH=CH 2 ] and 
23 g of methyl acetate were charged into a pressure 
resistant reactor made of glass having an internal 

25 capacity of 50 cc . Then, 0.24 g of perf luorobenzoyl 

peroxide was added as a polymerization initiator. The 
interior of the system was f reeze-deaerated, and then, 



polymerization was carried out for 6 hours in a- constant ■ 
temperature shaking vessel (70°C) . After the 
polymerization, the reaction solution was dropwise added 
into hexane to reprecipitate the polymer, followed by 
5 vacuum drying at 150°C for 12 hours. As a result, 8 g of 
a non-crystalline polymer having a fluorinated cyclic 
structure in its main chain (hereinafter referred to as 
polymer 2 A) was obtained. The molecular weight of 
polymer 2A was measured by GPC, whereby as calculated as 

10 a polystyrene, the number average molecular weight (Mn) 
was 14,200, and the weight average molecular weight (Mw) 
was 41,300, whereby Mw/Mn=2.91. The glass transition 
point was 14 8°C, and the polymer was a white powder at 
room temperature. 

15 Into a 300 ml three-necked flask, 0.65 g of sodium 

hydrate (60%) and 16 ml of THF were put and thoroughly 
stirred by a magnetic stirrer, whereupon the flask was 
immersed in an ice bath. A solution having 4 g of 
polymer 2A (hydroxyl group concentration: 6.3 mass%) 

20 dissolved in 40 ml of THF, was dropwise added. After 
completely adding the polymer solution, when foaming 
ceased, the flask was taken out from the ice bath and 
returned to room temperature. A solution having 3.56 g 
of di-tert-butyl dicarbonate preliminarily dissolved in 

2 5 16 ml of THF, was added to the flask, followed by 

stirring overnight at room temperature. When ice water 
was added to treat excess sodium hydride, a polymer 
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■precipitated.' This polymer was washed twice with water, 
and then, this polymer was dissolved in acetone. This 
polymer solution was flocculated with hexane, and the 
flocculated polymer was washed twice with hexane. The 
5 obtained polymer was dried at 70°C for 16 hours in a 

vacuum drier to obtain 2 . 5 g of a polymer having hydroxyl 
groups blocked with tert-butoxy carbonyl groups 
(hereinafter referred to as polymer 2B) . By 1 H-NMR 
(tert-butyl group of the tert-butoxycarbonyl group: 1.52 

10 ppm (9H) ) , it was confirmed that 65% of hydroxyl groups 
were blocked. 
PREPARATION EXAMPLE 4 

Into a 300 ml three-necked flask, 0.01 g of cobalt 
dichloride (anhydrous) and 30 ml of acetonitrile were put 

15 and thoroughly stirred by a magnetic stirrer. A polymer 
solution having 4 g of polymer 2A obtained in Preparation 
Example 3 (hydroxyl group concentration: 6.3 mass%) and 
1.6 g of ethyl vinyl ether dissolved in 70 ml of dimethyl 
•sulfoxide , was dropwise ---added to the" cobalt dichloride 

2 0- solution. At that time, the reaction solution was 

maintained at room temperature . After completion of the 
dropwise addition, the mixture was stirred overnight at 
room temperature. This reaction solution was put into a 
saturated sodium hydrogencarbonate aqueous solution, and 

2 5 the precipitated polymer was recovered and washed twice 
with water. This polymer was dissolved in acetone and 
flocculated with hexane. The flocculated polymer was 



washed twice with hexane . The obtained polymer was dried 1 
at 80°C for 16 hours in a vacuum drier to obtain 1.8 g of 
a polymer blocked with 1-ethoxyethyl groups (hereinafter 
referred to as polymer 2C) . By 1 H-NMR (me thine of the 
ethoxyethyl group: 4.13 ppm (1H)), it was confirmed that 
6 0% of hydroxyl groups were blocked. 
EXAMPLE 1 

1 g of polymer 1A and 0.05 g of trimethylsulf onium 
triflate were dissolved in 7 g of propylene glycol 
monomethyl ether acetate, followed by filtration by means 
of a PTFE filter having a pore diameter of 0.2 urn to 
obtain a resist composition. The above resist 
composition was spin-coated on a silicon substrate 
treated with hexamethyldisilazane , followed by heat 
treatment at 80°C for 2 minutes to form a resist film 
having a thickness of 0.3 vim. The absorption spectrum of 
this film was measured by an ultraviolet ray photometer, 
whereby the transmit tance of a light of 193 nm was 78%, 
-and the- transmit tance^of a light 'of" 157 nm was - 38%. 

In an exposure test apparatus flushed with nitrogen, 
the substrate having the above resist film formed, was 
placed, and a mask having a pattern drawn by chromium on 
a quartz plate, was put thereon in close contact 
therewith. ArF excimer laser beams were irradiated 
through the mask, whereupon, after exposure at 100°C for 
2 minutes, baking was carried out. The development was 
carried out at 23°C for 3 minutes with a 
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•tetramethylammonium hydroxide aqueous ■ solution (2.38 
mass%) , followed by washing with pure water for 1 minute. 
As a result, at an exposure of 19 mJ/cm 2 , only the 
exposed portions of the resist film were dissolved and 
removed by the developer, whereby a positive 0.2 5 urn line 
and space pattern was obtained. 
EXAMPLE 2 

1 g of polymer 2B prepared in Preparation Example 3 
and 0.05 g of trimethylsulf onium triflate were dissolved 
in 7 g of propylene glycol monomethyl ether acetate, 
followed by filtration by means of a PTFE filter having a 
pore diameter of 0.2 \im to obtain a resist composition. 
The above resist composition was spin-coated on a silicon 
substrate treated with hexamethyldisilazane, followed by 
heat treatment at 80°C for 2 minutes to form a resist 
film having a thickness of 0.3 jam. The absorption 
spectrum of this film was measured by an ultraviolet ray 
photometer, whereby the transmi ttance of a light of 193 
nm - was 69% , -and—the' transmi ttance - of --a r ~light- of 157 nm 
was 45%. 

In an exposure test apparatus flushed with nitrogen, 
the substrate having the above resist film, formed, was 
placed, and a mask having a pattern drawn by chromium on 
a quartz plate, was put thereon in close contact 
therewith. ArF excimer laser beams were irradiated 
through the mask, whereupon, after exposure at 10 0°C for 
2 minutes, baking was carried out. The development was 



carried out at 23°C for 3 minutes with' a ' 
tetramethylammonium hydroxide aqueous solution (2.38 
311335%), followed by washing with pure water for 1 minute. 
As a result, at an exposure of 3 0 mJ/cm 2 , only the 
exposed portions of the resist film were dissolved and 
removed by the developer, whereby a positive 0.25 pm line 
and space pattern was obtained. 
EXAMPLE 3 

1 g of polymer 2C prepared in Preparation Example 4 
and 0.05 g of trimethylsulf onium triflate were dissolved 
in 7 g of propylene glycol monomethyl ether acetate, 
followed by filtration by means of a PTFE filter having a 
pore -diameter of -0 . 1 pm to obtain a resist composition. 
The above resist composition was spin-coated on a silicon 
substrate treated with hexamethyldisilazane, followed by 
heat treatment at 80°C for 2 minutes to form a resist 
film having a thickness of 0.3 pm. The absorption 
spectrum of this film was measured by an ultraviolet 
"visible light photometer, whereby the transmittance of a 
light of 193 nm was 82%, and the transmittance of a light 
of 157 nm was 51% . 

In an exposure test apparatus flushed with nitrogen, 
the substrate having the above resist film formed, was 
placed, and a- mask having a pattern drawn by chromium on 
a quartz plate, was put thereon in close contact 
therewith. ArF excimer laser beams were irradiated 
through the mask, whereupon, after exposure at 100°C for 
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...2 minutes, baking was carried out. The development was 
carried out at 23°C for 3 minutes with a 
tetramethylammonium hydroxide aqueous solution (2.38 
mass%) , followed by washing with pure water for 1 minute, 
5 As a result, at an exposure of 18 mJ/cm 2 , only the 

exposed portions of the resist film were dissolved and 
removed by the developer, whereby a positive 0.25 pm line 
and space pattern was obtained. 
EXAMPLE 4 

10 The etching resistance of the resist films of 

Examples 1 to 3 was measured. 
Table 1 



Resist film 


Etching 
resistance 


Example 1 




Example 2 


© 


Example 3 


o 



Etching resistance: The etching rate was measured by 
an argon/ octaf luorocyc lobutane / oxygen mixed gas plasma, 

15 whereby when a novolak resin is rated to be 1, one with a 
rate of 1 . 0 or less "is represented by © , one with a rate 
of more than 1.0 and less than 1.2 is represented by O, 
and one with a rate of at least 1.2 is represented by X. 
PREPARATION EXAMPLE 5 

20 Preparation of CF 2 =CFCF 2 C (CF 3 ) (OCH 2 OCH 3 ) CH 2 CH=CH 2 
Into a 10 L reactor made of glass, 758 g of 
CF 2 C1CFC1CF 2 C (0)CF 3 and 4 . 5 L of dehydrated THF were 
charged and cooled to 0°C. 1.4 L of a 2M THF solution of 
CH 2 -CHCH 2 MgCl , was dropwise added thereto in a nitrogen 
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atmosphere over a period of about 10.5 hours. After 
completion of the dropwise addition, the mixture was 
stirred at 0°C for 3 0 minutes and at room temperature for 
12 hours, whereupon 3 50 g of chloromethyl methyl ether 
5 was dropwise added. The mixture was further stirred at 
room temperature for 92 hours. 1.5 L of water was added, 
followed by liquid separation. The organic layer was 
concentrated by an evaporator, and the crude liquid was 
washed twice with water of 1.5 L. Then, it was distilled 

10 under reduced pressure to obtain 677 g of 

CF 2 C1CFC1CF 2 C (CF 3 ) ( OCH 2 OCH 3 ) CH 2 CH=CH 2 (53 to 55°C/0.17 kPa ) . 

Then, into a 3 L reactor made of glass, 577 g of zinc 
-and 1.3 L of dioxane were charged, and activation of zinc 
was carried out by iodine. Then, the reactor was heated 

15 to 100°C, and 677 g of 

CF 2 C1CFC1CF 2 C (CF 3 ) ( OCH 2 OCH 3 ) CH 2 CH=CH 2 synthesized as 
described above, was dropwise added thereto over a period 
of 2 hours. After completion of the dropwise addition, 
" "the mixture was stirred at 100°C for 47 hours.' The 

20 reaction solution was filtered and-washed with a small 
amount of dioxane. To the filtrate, 2 . 5 L of water and 
1.5 L of diethyl ether were added, followed by liquid 
separation. The organic layer was dried over anhydrous 
magnesium sulfate, followed by filtration to obtain a 

25 crude liquid. The crude liquid was concentrated by an 
evaporator, followed by distillation under reduced 
pressure to obtain 177 g of 



' CF 2 = CFGF 2 C(CF 3 ) ( OCH 2 OCH 3 ) CH 2 CH = CH 2 (43 to 45°C/0.6 kPa) . 
NMR spectrum 

X H NMR (399.8 MHz, solvent: CDCI3 , standard: 
tetramethylsilane) 5 (ppm) 3.16 (broad, 2H) , 3.44 (s, 
5 3H) , 4.95 (m, 2H)-, 5.22 (m, 2H) , 5.92 (m, 1H) . 

19 F NMR (376.2 MHz, solvent: CDCI3 , standard: CFC1 3 ) 
8 (ppm): -72.5 (m, 3F) , -92.9 (m, IF), -106.8 (m, IF), 
-109.7 (m, 2F), -183.0 (m, IF). 
PREPARATION EXAMPLE 6 
10 Preparation of CF 2 = CFCF 2 C (CF 3 ) (OH)CH=CH 2 

Into a 2 L reactor made of glass, 104 g of 
CF 2 C1CFC1CF 2 C (O) CF 3 and 600 ml of dehydrated THF were 
charged and cooled to 0°C. 370 ml of a 1M THF solution 
of CH 2 =CHMgBr was dropwise added thereto in a nitrogen 
15 atmosphere over a period of 7 hours. After completion of 
the dropwise addition, the mixture was stirred at 0°C for 
3 0 minutes and at room temperature for 15 hours, 
whereupon 2 00 ml of 2N hydrochloric acid was dropwise 
added. 200 ml of water and 300 ml of diethyl ether were 
20 added for liquid separation, and a diethyl ether layer 

was obtained as an organic layer. The organic layer was 
dried over magnesium sulfate, followed by filtration to 
obtain a crude liquid. The crude liquid was concentrated 
by an evaporator, followed by distillation under reduced 
25 pressure to obtain 85 g of CF 2 C1CFC1CF 2 C (CF 3 ) (OH) CH=CH 2 
(43 to 45°C/0.6 kPa) . 

Then, into a 500 ml reactor made of glass, 80 g of 
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zinc and 22 0 ml of dioxane were charged; and activation 
of zinc was carried out by iodine. The reactor was 

heated to 100°C, and 80 g of CF 2 C1CFC1CF 2 C (CF 3 ) (OH) CH=CH 2 
prepared as described above, was dropwise added thereto 
5 over a period of 1 hours. After completion of the 

dropwise addition, the mixture was stirred at 100°C for 
40 hours. The reaction solution was filtered and washed 
with a small amount of dioxane. The filtrate was 
distilled under reduced pressure to obtain 37 g of 

10 CF 2 =CFCF 2 C(CF 3 ) (OH)CH=CH 2 (40 to 42°C/2.4 kPa) . 
NMR spectrum 

X H NMR (3 99.8 MHz, solvent: CDC1 3 , standard: 
_ tetramethylsilane) .6 (ppm):. 4.89 (broad s, 1H) , 5.71 (m, 
1H) , 5 . 96 (m, 2H) - 

15 19 F NMR (376.2 MHz , solvent: CDC1 3 , standard: 

CFC1 3 ) <5 (ppm): -74.1 (m, 3F) , -91.9 (m, IF), -106.7 (m, 
IF), -113.1 (m, 2F) , -182.9 (m, IF). 
PREPARATION EXAMPLE 7 
A -solution -having 5 g of polymer 2A obtained in 

20 - -Preparation Example 3 (hydroxyl group concentration: 6.3 
mass%) dissolved in 25 ml of THF and a solution having 
0.3 0 g of sodium hydroxide in 8.5 ml of methanol, were 
put into a 200 ml flask and thoroughly stirred overnight 
by a magnetic stirrer, whereupon the solvent was 

25 distilled off under reduced pressure. Then, 25 ml of THF 
was added, and further, a solution having 0.60 g of 
chloromethyl methyl ether dissolved in 10 ml of THF, was 
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* added . The polymer was gradually dissolved to obtain a 
white turbid solution. 

The above solution was stirred for a few days at 
room temperature, and then, 110 ml of diethyl ether and 
5 100 ml of pure water were added for liquid separation. 
The oil layer was washed with water, and the solvent was 
distilled off uncler reduced pressure. The obtained solid 
was dissolved. in 30 ml of diethyl ether, followed by 
filtration by means of a filter of 0.45 urn. To the 

10 filtrate, hexane was added to flocculate the polymer, and 
the flocculated polymer was washed twice with hexane. The 
obtained polymer was dried for 16 hours by a vacuum drier 
-(.at-most 1.7 kPa, 80°C) , to obtain 4.6 g of a polymer 
blocked with methoxymethyl groups (hereinafter referred 

15 to as MOM groups) (polymer 7A) . By 1 H-NMR (-0-CH 2 -0- of 
the MOM group: 4.7 to 5.4 ppm (2H) ) , it was confirmed 
that 18 mol% of hydroxyl groups of polymer 7A were 
blocked (the blocked ratio was 18%) . 
- PREPARATION "EXAMPLE 8 

2 0 - - - 5.0 g of a polymer (hereinafter referred to as 

polymer 8A) blocked with MOM groups was obtained in the 
same manner as in Preparation Example 7 except that to 5 
g of polymer 2A, 0.44 g of sodium hydroxide and 0.89 g of 
chloromethyl methyl ether were used. The blocked ratio 

2 5 of polymer 8A was 40%. 
PREPARATION EXAMPLE 9 

4.3 g of a polymer (hereinafter referred to as 



polymer 9A) blocked with MOM groups was -obtained in the 
same manner as in Preparation Example 7 except that to 5 
g of polymer 2A, .0.59 g of sodium hydroxide and 1.19 g of 
chloromethyl methyl ether were used. The blocked ratio 
of polymer 9A was 58%. 
PREPARATION EXAMPLE 10 

4.97 g of a polymer (hereinafter referred to as 
polymer 10A) blocked with MOM groups was obtained in the 
same manner as in Preparation Example 7 except that to 5 
g of polymer 2A, 0.75 g of sodium hydroxide and 1.49 g of 
chloromethyl methyl ether were used. The blocked ratio 
of polymer 10A was 78%. 
. PREPARATION EXAMPLE 11 . 

4.4 g of a polymer (hereinafter referred to as 
polymer 11A) blocked with benzyloxy methyl groups 
(hereinafter referred to as BOM groups) was obtained in 
the same manner as in Preparation Example 7 except that 
to 5 g of polymer 2A, 0.44 g of sodium hydroxide and 1.8 8 
g of chloromethyl benzyl ether were usedT "By ^H-NMR (-0- 
-CH 2 -0- of the BOM group :- 4 . 6 to 5 .4 ppm (2H)), it was 
confirmed that the blocked ratio of polymer 11A was 56%. 
PREPARATION EXAMPLE 12 

4.1 g of a polymer (polymer. 12A) blocked with 
mentyloxy methyl groups (hereinafter referred to as MM 
groups) was obtained in the same manner as in Preparation 
Example 7 except that to 5 g of polymer 2A, 0.44 g of 
sodium hydroxide and 2.46 g of chloromethyl methyl ether 
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••were' used. By 1 H-NMR ( -0-CH 2 -0- of the MM group: 4.8 to 
5.4 ppm (2H) ) , it was confirmed that the blocked ratio of 
polymer 12A was 35%. 
PREPARATION EXAMPLE 13 
5 5.1 g of a polymer (hereinafter referred to as 

polymer 13A) blocked with 2 -methoxyethoxymethyl groups 
(hereinafter referred to as MEM groups) was obtained in 
the same manner as in Preparation Example 7 except that 
except that to 5 g of polymer 2A, 0.44 g of sodium 

10 hydroxide and 1.05 g of 2-methoxyethoxy methyl chloride 

were used. By 1 H-NMR (-0-CH 2 -0- of the MEM group: 4.7 to. 
5.4 ppm (2H) ) , it was confirmed that the blocked ratio of 
polymer 13A was 45%. 
PREPARATION EXAMPLE 14 

15 5 . 0 g of a polymer (hereinafter referred to as 

polymer 14A) blocked with ethoxymethyl groups 
(hereinafter referred to as EOM groups) was obtained in 
the same manner as in Preparation Example 7 except that 

except that to 5 g of polymer 2A, 0.44 g of sodium 

20 hydroxide and 1\05 g of chloromethyl methyl ether were 
used. By ^-NMR (-0-CH 2 -0- of the MEM group: 4.7 to 5.4 
ppm (2H) ) , it was confirmed that the blocked ratio of 
polymer 14A was 36%. 
PREPARATION EXAMPLE 15 

25 5 g of the hydroxy group-containing fluorinated 

diene (hereinafter referred to as diene 1) obtained in 
Preparation Example 1, 5.7 g of the fluorinated diene 
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(hereinafter referred to as diene 5) obtained in 
Preparation Example 5 and 23 g of methyl acetate were 
charged into a pressure resistant reactor made of glass 
having an internal capacity of 50 cc . Then, 0.24 g of 
5 perf luorobenzoyl peroxide was added as a polymerization 
initiator. The interior of the system was freeze- 
deaerated, and then, polymerization was carried out for 6 
hours in a constant temperature shaking vessel (70°C) . 
After the polymerization, the reaction solution was 

10 dropwise added into hexane to reprecipitate the polymer, 
followed by vacuum drying at 150°C for 12 hours. As a 
result, 8.5 g of a non-crystalline polymer (hereinafter 
- referred to .as polymer 15A) having a fluorinated cyclic, 
structure in its main chain, was obtained. The 

15 composition of monomer units in polymer 15A as measured 

by 19 F-NMR and 1 H-NMR, was such that diene 1 units/diene 5 
units=52/48 (molar ratio) . 

The molecular weight of the above polymer 15A as 
ca±culatfecL- : as 7 po-lys tyifene 7 - measured' by GPC using THF as a 

2 0 solvent, was- such that the number average molecular 

weight (Mn) was 12,000, and the weight average molecular 
weight (Mw) was 34,800, whereby Mw/Mn=2.90. Tg of the 
above- polymer 15 A- as measured by a differential scanning 
calorimetry (DSC) was 129°C, and the 10% weight reduction 

2 5 temperature of the above polymer 15A as measured by the 
thermogravimetry analysis (TGA) was 3 63°C. Polymer 15A 
was a white powdery polymer at room temperature, and it 



■was 'soluble ■ in acetone, THF , ethyl acetate, methanol and 
2-perf luorohexyl ethanol and was insoluble in 
dichloropentaf luoropropane , per f luoro ( 2 - 
butyltetrahydrof uran) , and perf luoro-n-octane . 

By 19 F-NMR and 1 H-NMR / it was confirmed to be a 
cyclized polymer having the same repeating structure as 
the cyclized polymer obtained in Preparation Examples 2 
and 3 . 

PREPARATION EXAMPLE 16 

A hydroxyl group-containing f luoropolymer was 
produced by polymerizing the hydroxyl group-containing 
fluorinated diene prepared in Preparation Example 6 in 
the same manner as in Preparation Example 3 . The 
molecular weight of this polymer as calculated as 
polystyrene, measured by GPC using THF as a solvent, was 
such that the number average molecular weight (Mn) was 
10,000, and the weight average molecular weight (Mw) was 
25,800, whereby Mw/Mn=2 . 58 . Tg measured by the 
"differential scanning calorimetry was 149°C,"and the 
polymer was a white powdery polymer at room -temperature . 
Further, the 10% weight reduction temperature measured by 
the thermogravimetry analysis (TGA) was 365°C. The 
obtained polymer was soluble in acetone, THF, ethyl 
acetate, methanol and 2-perf luorohexyl ethanol and was 
insoluble in dichloropentaf luoropropane , perfluoro(2- 
butyltetrahydrof uran) , and per f luoro-n-octane . 

The above polymer was treated in the same manner as 



in Preparation Example 7 to prepare a 'polymer wherein a 
part of hydroxyl groups were blocked. Namely, 4.8 g of a 
polymer (hereinafter referred to as polymer 16A) blocked 
with MOM groups was obtained in the same manner as in 
Preparation Example 7 except that to 5 g of the above 
polymer, 0.40 g of sodium hydroxide and 0.8 g of 
chloromethyl methyl ether were used. The blocked ratio 
of polymer 16A was 36%. 
EXAMPLES 5 to 14 

1 g of one of the polymers 7A to 16A prepared in 
Preparation Examples 7 to 16 and 0.05 g of 
trimethylsulf onium triflate were dissolved in 10 g of 
propylene glycol monomethyl ether^.a.cetate , followed by 
filtration by means of a PTFE filter having a pore 
diameter of 0.2 pi to obtain a resist composition. 

The above resist composition was spin-coated on a 
silicon substrate treated with hexamethyldisilazane , 
followed by heat treatment at 8 0°C for 2 minutes to form 
a-resrst - f ilm having a thickness of 0.3 pi/ In an 
exposure test apparatus flushed with nitrogen, the 
substrate having the above resist film formed, was 
placed, and a mask having a pattern drawn by chromium on 
a quartz plate, was put thereon in close contact 
therewith. ArF laser beams were irradiated through the 
mask, whereupon, after exposure at 100°C for 2 minutes, 
baking was carried out.- The development was carried out 
at 23°C for 3 minutes with a tetramethylammonium 
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•hydroxide aqueous solution (2.38 mass%) , followed by 
washing with pure water for 1 minute. The light 
transmit t.ahce of the resist film and the development test 
results are shown in Table 2. 



Table 2 





Transmit tance 


Transmit tance 




Line and 


Polymer 


of light of 


of light of 


Exposure 


space 




193 nm 


157 nm 




width 




(%) 


(%) 


(mJ/cm 2 ) 


(L&S=1/1) 


7A 


85 


55 


14 


0.25 


8A 


82 


51 


.18 


0 .25 


9A 


80 


48 


20 


0.25 


10A 


76 


47 


22 


0.25 


11A 


40 


30 


25 


0.28 


12A 


67 


48 


20 


0.25 


13A 


83 


49 


20 


0 .25 


14A - 


81 


50 


20 


0.25 


15A 


80 


51 


18 


0.3 0 


16A 


83 


55 


17 


0.30 



INDUSTRIAL APPLICABILITY 

The resist composition of the present invention is 
excellent particularly in transparency to radiation and 
dry etching properties as— a- chemical amplification type 
resist and further is capable of readily forming a resist 
pattern excellent in sensitivity, resolution, evenness, 
heat resistance, etc. 

The entire disclosures of Japanese Patent 
Application No. 2001-034023 filed on February 9, 2001 and 
Japanese Patent Application No. 2001-219570 filed on July 
19, 2001 including specifications, claims and summaries 
are incorporated herein by reference in their entireties. 



